Introduction
Evapotranspiration represents the combined loss of soil water from the earth's surface to the atmosphere through evaporation of water from the soil or plant surfaces and transpiration via stomates of the plant. In agricultural production systems these two losses of water represent a major component of the water balance of the crop. If we examine evapotranspiration over time throughout a growing season of a crop then the fractions of evaporation and transpiration will not remain constant. When there is a small plant partially covering the soil then the energy impinging on the soil surface will be used to evaporate water from the soil surface; however, as the crop develops and completely covers the soil then transpiration becomes the dominant process. There is a spatial and temporal aspect to evapotranspiration which exists but is often ignored in our consideration of the dynamics of water loss from the earth's surface. One of the major questions which exists is how uniform is evapotranspiration over a given production field or over a landscape because of the limited amount of information on the spatial variation of evapotranspiration. There have been a limited number of research studies on the spatial variation in evapotranspiration. Many of these studies utilize remote sensing data as shown by in which they developed a spatial-temporal evapotranspiration model for the Hebei Plain in China. They found the temporal variation in evapotranspiration was due to crop growth and the irrigation regime while spatial variation was caused by the type of crop being grown. An aspect of evapotranspiration is the use of reference pan evaporation to provide a surrogate for the atmospheric evaporation and the results from a study by Zhang et al. (2009) showed spatial variation was induced by changes in the driving variables, e.g., windspeed, solar radiation, or temperature. Variations in these parameters would be expected to create spatial differences in evapotranspiration from crop surfaces. Spatial and temporal variation in crop reference evapotranspiration has been studied by across a river basin in China and observed the spatial variation in reference evapotranspiration was low in the cool months (January to April) and large in the warm months (May to August). The driving variable inducing the spatial variation in the warm months was most closely related to variation in the available energy among locations. Li et al. (2006) evaluated the combination of remote sensing data combined with surface energy balance to evaluate the spatial variation in evapotranspiration and found the mean values of evapotranspiration were similar across a range of spatial scales. However, the standard deviation decreased with higher spatial resolution and when the increased above 480 m, there was a loss of spatial structure in the evapotranspiration maps. Using a Raman lidar system, Eichinger et al. (2006) observed large spatial variation in evapotranspiration in corn (Zea mays L.) and soybean (Glycine max (L.) Merr.) linked with small elevation differences within the fields. These observations would suggest spatial structure has different scales and there are few studies which have attempted to evaluate spatial variation and the underlying causes. Mo et al. (2004) used a simulation model to evaluate evapotranspiration and found spatial variation was closely related to spatial patterns in precipitation and leaf area of the crop. This is similar to observations by Hatfield et al. (2007) from an experiment in central Iowa in which they observed that spatial variation in energy and carbon fluxes among different corn and soybean fields could be attributed to three factors. These factors were presence of cumulus clouds in the afternoon, variation in precipitation amounts across a watershed, and differences in the soil water availability in the soil profile. These studies demonstrate that there is spatial and temporal variation present in evapotranspiration from agricultural surfaces. Evapotranspiration is a process controlled by the available energy, gradient of water vapor, availability of water for evaporation, and the gradient of windspeed as the transport process. The linkages among these parameters can be more easily seen in an expanded mathematical description of the latent heat flux (λE) given as
where λ is the latent heat of vaporization (J kg -1 ), ρ the density of air (kg m -3 ), m the ratio of molecular weight of water vapor to than of air (0.622), P the barometric pressure (kPa), e s the saturation vapor pressure, e a the actual vapor pressure of the air immediately above the surface, r c the canopy resistance for water vapor transfer (s m -1 ), and r av the aerodynamic resistance for water vapor transfer (s m -1 ). There has been much written about the linkages among these parameters; however, for a surface, evapotranspiration must be placed in context of the surface energy balance so that the balance of energy is expressed as
where R n is the net radiation at the surface (J m -2 s -1 ), G the soil heat flux (J m -2 s -1 ), and H the sensible heat flux (J m -2 s -1 ). It is the combination of the various factors which gives rise to the potential spatial and temporal variation in evapotranspiration. For example, the annual variation in solar radiation causes the amount of energy available for evapotranspiration to vary in a predictable way throughout the year. Farmer et al. (2003) found that climate and landscape were the two critical affecting the soil water balance. Kustas and Albertson (2003) observed spatial variation across the landscapes and proposed that our understanding of the critical knowledge gaps affecting spatial and temporal variation in evapotranspiration is lacking. Measurements of energy balance components and estimates of evapotranspiration from Eq. 1 or 2 are often conducted over a single site within a production field or a landscape. The assumption from this measurement is that these values represent that particular surface with sufficient accuracy from which we derive an understanding of the dynamics of the surface. There are few studies in the literature which have directly measured evapotranspiration within a field to quantify the spatial variation and the factors which create variation. The studies mentioned above have used remote sensing imagery as a surrogate for the energy balance and their results show there is spatial variation at relatively small scales; however, these scales are still often larger than areas within a production field. We have been addressing the problem of quantifying the spatial and temporal variation in evapotranspiration through a series of related studies across corn and soybean fields in central Iowa. These studies provide us insights into how crop management interacts with the landscape to induce variation in evapotranspiration.
Methodological approach

Energy balance measurements
The experimental site for these studies is located in central Iowa in a production field typical of the area on large (30-35 ha) fields located at 41.967° N, 93.695° W on a Clarion-NicolletWebster Soil Association using micrometeorological measurements of H 2 O vapor and CO 2 exchanges above the canopy using an energy approach described by Hatfield et al., (2007 
Field scale studies
To evaluate the impact of management on evapotranspiration, production sized fields have been used as experimental units because of the need to quantify the effects of N management on crop growth and yield and water use across a series of soil types. Fields range in size from 32 to 96 ha and are located in the Clarion-Nicollet-Webster Soil Association in central Iowa within the Walnut Creek watershed. This 5,400 ha watershed has been used for extensive research on environmental quality in relation to farming practices as described by Hatfield et al. (1999) . Nitrogen management practices have varied across each year in response to the observations obtained from these experiments. The goal of these experiments has been to quantify the interactions of water and N across soil types with different N management practices. The most intensive studies have been conducted within a 60 ha field divided into two fields in a corn-soybean rotation with the primary emphasis on the corn portion of the rotation. The corn hybrid grown in these studies was Pioneer 33P67 1 for the duration of the study. The management practices placed different N rates in the field in large strips of 10 ha so the field was divided into no more than three strips in any one year. Within the field plant sampling, energy balance and crop yield plots were located within a given soil type. In this field, the predominant soils are Clarion, Canisteo, and Webster soils. Within each soil type and N management practice a plot area were identified and marked with GPS coordinates in order to locate the exact area among growing seasons. Nitrogen management practices have been similar from 1997 through 2001. Nitrogen rates applied in 1997 and 1998 using a starter application at planting of 56 kg ha -1 only with the second treatment having the N starter rate and the sidedress rate determined by the Late Spring Nitrate Test (LSNT). The third treatment was the starter plus a rate to represent a non-limiting N rate of an additional 168 kg ha -1 . In 1999, 2000, and 2001 N application was modified to further refine rates based on leaf chlorophyll measurements and soil tests obtained from the 1997 and 1998 experiments. The rates applied were 56, 112, 168, or 232 kg N ha -1 to different soils, planting rates, and plant population densities (75,000 and 85,000 plants ha -1 ). In 2000 and 2001, N was applied as either anhydrous ammonia in the fall or liquid urea anhydrous (UAN) in the spring at planting with a sidedress application. These applications were applied with production scale equipment to the field. Soil N concentrations were measured prior to spring operations, after planting, and at the end of the growing season after harvest to a soil depth of 1.5 m using a 5 cm core. Cores were subdivided into depth increments to estimate the N availability throughout the root zone at each of the sampling times. Sample position was recorded with a GPS unit to ensure accurate location of each subsequent sample.
Watershed scale studies
A watershed scale was conducted in the Walnut Creek Watershed in central Iowa located 5 km south of Ames, Iowa (4175 N, 9341W) as part of an ongoing long-term monitoring effort to assess interactions of crop water use, CO 2 uptake, and yield as a function of nitrogen management for corn and soybeans. Walnut Creek Watershed is a 5100 ha watershed of intensive corn and soybean production fields ranging in size from 40-160 ha. These two crops occupy approximately 85% of the land area in the watershed. The topography of the watershed and surrounding areas are characterized by flat to gently rolling terrain with elevations in the watershed ranging from 265 -363 m with the lowest elevations situated on the eastern end of the watershed where the Walnut Creek drains. Details of production, tillage and nutrient management systems within the watershed are described in Hatfield et al. (1999) .
To most extensive and intensive experiment was conducted in 2002 as part of a remote sensing soil moisture experiment (SMEX02) being was conducted across the Walnut Creek Watershed. This study provided the opportunity to place 12 eddy covariance (EC) stations across the watershed to measure and evaluate the spatial and temporal variation among fluxes across typical corn and soybean production fields in the Upper Midwest region. These stations were in operation during the intensive measurement period of the remote sensing campaign and continued to record measurements until late August 2002. These sites were distributed across the Walnut Creek watershed as shown in Fig 1 and sites 10 and 11 represent in the intensive field sites for the experiments conducted since 1998 on combinations of nitrogen management and water across soils types described above. For each site in the field the soil type was extracted from the soil map from Boone or Story County, Iowa. Eddy covariance sites were located in a range of soil types typical of central Iowa and in most fields the location represented over 0.20 of the total area in the field. The primary difference among the soils was the soil water holding capacity in the upper 1 m of the soil profile (Table 1) . This provided an excellent opportunity to not only measure and evaluate differences in turbulent fluxes between corn and soybeans but also the spatial and temporal variability of turbulent flux exchange of CO 2 and H 2 O across the agricultural landscape. The full details of the SMCAEX study are described in Kustas et al. (2005) . 
Observations across scales
Temporal variation among years
Variation among years for evapotranspiration in rainfed areas is dependent upon the amount of precipitation stored within the soil profile. If there is adequate storage capacity, then annual variation in evapotranspiration will more dependent upon the available energy than upon the amount of available water. In areas with soils with limited soil water holding capacity then a more direct relationship will be evident. Across central Iowa, which would be typical of the Corn Belt, there is large annual variation in evapotranspiration as evidenced in the data from 1998 (Fig.2) , 1999 (Fig. 3) , and 2000 (Fig. 4) . Two important details are evident from these three years which represent fairly typical years in central Iowa. First, there is little evapotranspiration occurring the winter months and fall as evidenced by the relatively small cumulative values during these intervals. Evapotranspiration does not begin to become significant portion of the energy balance (Eq. 2) until about DOY 100 and begins to diminish after DOY 300 (Figs. 2, 3 and 4) . These seasonal patterns are consistent among years with very similar times in which evapotranspiration values begin to increase in www.intechopen.com the spring and decrease in the fall. Second, cumulative values of evapotranspiration are relatively smooth compared to precipitation values, which occur in infrequent storms, not every day, and throughout the year. Third, annual total values of evapotranspiration are more similar among years than are annual precipitation totals.
As an example, total evapotranspiration for 1998 was 476 mm, 1999 -500 mm, and 2000 -433 mm while total precipitation for 1998 was 933, for 1999 -743, and for 2000 -454 mm. Temporal variation in evapotranspiration among years will be dependent upon the energy available and at the annual time scale there are minor differences among years. 
Spatial variation within production fields
Spatial variation of evapotranspiration within fields is more significant than often thought based on the results shown in Figs 2, 3, and 4. It is assumed that evapotranspiration across a field would be relatively consistent because the energy balance components would be consistent. We have examined this aspect across both corn and soybean fields and found there is a large spatial variation induced by soil water holding capacity. An example of this variation is shown in Fig. 5 for evapotranspiration from a corn crop in an Okoboji soil compared to a Clarion soil and a Nicollet soil. The Okoboji soil is a high organic matter soil (soil organic matter of 7-9%) compared to a Nicollet soil (soil organic matter of 3-5%) and a Clarion soil (soil organic matter of 1-2%). These soils represent three different positions on the landscape with the Clarion soil being the upper part of the landscape in the ClarionNicollet-Webster soil association while the Okoboji soils are the lower part of the landscape and often considered to be poorly drained soils while the Nicollet soil is about midway on the slope. There are large differences in the seasonal totals among these three soils (Fig. 5) . The seasonal totals for the Okoboji and Nicollet soils are quite similar at 575 and 522 mm, respectively while the Clarion soil has an annual total of 310 mm. There are differences among the patterns of evapotranspiration throughout the year for the three soils. These types of patterns are not uncommon based on our multiple years of measurements across this field in which we have measured evapotranspiration in different soils. In this field, the evapotranspiration from the Okoboji soil begins slower at the beginning of the season because the tillage practice leaves this area with crop residue which decreases soil water evaporation rates and also the plant growth tends to be slower in this area of the field. In the Nicollet soils, there is more soil water evaporation and earlier plant growth because these areas of the field show an increased rate of growth because of the more favorable growth conditions. In contrast, the Clarion soils behave similar to the Nicollet soils in the early season but then at as the crop grows there is insufficient soil water to maintain the water www.intechopen.com supply and evapotranspiration becomes limited. This is a common occurrence in these fields and we often observe evapotranspiration totals in the Clarion soils at least half of the soils with the higher water holding capacity. These areas of the field also exhibit water deficits throughout the growing season because the soil is unable to supply the water required to meet the atmospheric demand and the canopy resistance term (Eq. 1) is much higher in these plants than in other soils within the field. There is a spatial variation of evapotranspiration within a field induced by the soil water holding capacity and this will influence the ability of the plant to be able to extract water to meet atmospheric demand. Spatial variation of evapotranspiration within a field can be affected by the effect of soil management practices on the crop growth patterns. We have investigated the interactions of nitrogen management with evapotranspiration across production fields. These seasonal totals are confined to the growing season because of the minimal amount of evapotranspiration during the other times of the year as shown in the earlier section. Nitrogen management interacted with soil type in the seasonal evapotranspiration totals reflective of the effect of nitrogen on growth in the different soils. In this study, we compared water use and crop growth in a Webster and Clarion soil. The Webster soil is similar to the Nicollet soil with soil organic matter contents of 3-5%. In this study, the seasonal evapotranspiration totals for both the fall and spring nitrogen application rates showed differences among soils with the Clarion soil having less evapotranspiration than the Webster soils (Fig. 6 ). There is an interesting effect of nitrogen application rates in this study because the application of 200 kg ha -1 on the Clarion soil actually reduced evapotranspiration compared to the 100 kg ha -1 rate (Fig. 6) . We have observed this response in different years because the low water holding capacity soils cannot supply adequate water for evapotranspiration and there is actually a reduction in plant growth from the excess nitrogen applied. The reverse effect is found in the Webster soil where there is no www.intechopen.com difference in evapotranspiration rates until late in the growing season when the additional nitrogen from the 200 kg ha -1 rate is able to sustain growth and maintain evapotranspiration rates compared to the 100 kg ha -1 rate (Fig. 6 ).
Corn Spatial variation patterns within a field have often been assumed to be minimal; however, these differences are larger than expected because of the differences in soil water holding capacity. The seasonal evapotranspiration patterns represent the combined effects of soils and management and these differences will affect the ability of a crop to endure water stress during the growing season. In rainfed environments, it is critical for precipitation events to maintain the soil water supply at an optimum level and if there is a limitation in the ability of the soil to store water and meet the evapotranspiration rate then crops will undergo water deficit stress.
Spatial variation among production fields
There have been few studies which have attempted to quantify the differences in evapotranspiration rates among fields. The primary reason is the expense of the array of equipment and the labor requirements to establish this observational network. As part of the SMEX2002 experiment described by we were able to establish a network of energy balance stations and eddy correlation equipment across Walnut Creek watershed in central Iowa as shown in Fig. 1 . The details of the study have been reported by Hatfield et al. (2007) and they observed variability among fields was due to three factors. Within a day, differences in the energy balance components and evapotranspiration was caused by the presence of cumulus clouds. Clouds are not evenly distributed across the watershed and differentially shade one area of the watershed more than another. These effects do not persist from one day to the next because the presence of clouds over a given field changes among days. However, these effects do induce evapotranspiration differences among fields.
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The second factor which caused differences among fields was the spatial variation in precipitation events across the watershed. In temperate climates it is not unusual for convective rainfall amounts to be variable across space and this changes the amount of water available for evaporation. The scale of differences induced by variable precipitation is difficult to assess and across a small area (10 km 2 ) there could large differences in evapotranspiration. These differences may occur as a result of increased soil water evaporation from the soil surface when the plants are small because of the exposed soil. These differences caused by differential rainfall would be expected to diminish as the crop canopy develops because the amount of exposed soil would decrease and evapotranspiration would be dominated by transpiration from the canopy. The third factor which caused a difference in the spatial variation in evapotranspiration is related to the soil water holding capacity as shown in Table 1 These observations reveal important components of factors which induce spatial variation in evapotranspiration. For the four corn fields, there was a significant difference in the cumulative evapotranspiration for field 25 compared to the other fields (Fig. 7) . In addition to the measurements being made in the soil with a lower water holding capacity, this field also had less rainfall during this portion of the growing season. These differences occurred early in the season and persisted throughout the period of measurements. This is in contrast to the other three fields in which there were similar evapotranspiration values until late in the growing season in which soil water holding capacity became the dominant factor. This degree of differential response would be expected if the energy input and rainfall amounts were the same but the storage factor changed. In the soybean fields, there was little difference in the early season evapotranspiration among field and the differences among fields began to appear when the growth of the plant achieved full cover and water use rates were at their peak (Fig. 8) . Separation among the fields was due to the soil water holding capacity of the field in which measurements were being made. The differences among fields were as large as 25-30 mm which is significant in terms of crop water use requirements and crop growth. In both the corn and soybean observations, there are some notes of caution in terms of understanding spatial and temporal variation in evapotranspiration. Spatial variation of evapotranspiration is a result of a combination of factors and care must be exercised in the placement of energy balance and evapotranspiration equipment within fields and across landscapes in order to capture information from sites representative of the area. These differences can be controlled; however, rainfall patterns and cumulus cloud formation on the shorter time intervals cannot be controlled but should be measured to ensure proper comparisons among sites can be conducted. Overall, the spatial variation in evapotranspiration is due to a complex set of interactions affected the evapotranspiration at a given site. One of the overlooked factors is the soil water holding capacity and the depth of the water extraction caused by differences in rooting depth. These are often considered to be small; however, in our observations these factors can account for 100-200 mm of seasonal water use differences among sites. These differences coupled with spatial variation in rainfall during the growing season can lead to even greater differences among www.intechopen.com sites. In temperate regions, the spatial pattern of rainfall is a random event while the spatial variation in soil characteristics is a fixed position on the landscape causing the exact seasonal pattern of evapotranspiration for a given year to be a combination of the soil and weather patterns. Understanding the factors causing spatial variation in evapotranspiration will lead to improved capabilities for water management in cropping systems.
